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Abstract: The relationship between the topographic climate factors and species distribution influences the succession and
development of alpine vegetation communities and also has great significance to maintaining the functions and structure of
mountain water conservation forests. In this study, the water conservation forest at the eastern Qilian mountain was taken as
the research object. Based on the investigation data of plant community species composition, the topographic and climatic
factors, the characteristics of alpine plant community and its relationship with the topographic and climatic factors were
explored by quantitative classification and ordination. The results showed that 181 plant species were recorded in 65 samples
belonging to 40 families and 124 genera. The largest family was Compositae (30 species), Rosaceae (17 species),
Gramineae (13 species), Leguminosae (11 species), and Ranunculaceae (10 species), which accounted for 16.57%,
9.44% , 7.22% , 6.11% , 5.56% of the total species, respectively. The structure of the community consisted of tree layer,
shrub layer, and herb layer, with 8 species of trees, 25 species of shrubs, and 148 species of herbs. The dominant species
of tree layer were Picea crassifolia, Sabina chinensis, and Betula albosinensis. Potentilla glabra, Salix oritrepha, Berberts
vernae, and Spiraea alpine were the dominant species of shrub layer. The dominant species of herb layer were Carex
kansuensis, Polygonum wviviparum, Poa annua, Thalictrum aquilegiifolium var. sibiricum, and Artemisia tangutica.
TWINSPAN divided alpine vegetation communities into 7 cluster types. Ass.l B. albosinensis-Rosa moyesii-C. kansuensis ,
Ass. Il P. crassifolia -B. vernae-C. kansuensis, Ass. Il Sabina chinensis-Spiraea alpine-P. viviparum, Ass.IV S. alpine +
Caragana jubata-P. viviparum, Ass.V Hippophae rhamnoides+A. tangutica+Geranium sibiricum, Ass.VI H. rhamnoides +
Ixeris polycephala+Fagopyrum tataricum, and Ass.VII H. rhamnoides-Agropyron cristatum+Comarum salesovianum. Seven
clusters were clustered and distributed on the DCA ordination graph, which reflected a good environmental gradient. The
CCA ordination results showed that altitude was the most important environmental factor for plant species distribution of

alpine vegetation community in Qilian mountains, followed by precipitation, temperature, slope direction, and slope.

Key Words: Qilian mountain; alpine vegetation; topographic climate factors; two-way indicator species analysis; Detrend

Correspondence Analysis; Canonical Correspondence Analysis

L AR 5 ] 3 A A SR A N M T S 0 9 B 2 2R 2 L AR S B e B R AR AR
1T ) R 3R AL BRI A 2R R R 22— IR SR A e 2 S TP 1) T R U, L st 2R
MRAE AT AE 22 T RUBE R 1] (¥ 43 S Sy 0 o TR WP 39 1m) 45 M TR S o e i O BRRT S 7K 4345 B U
(V153 BSR4 LU AR A Y 2 AT L REVE S AR i SRR e B R R T A
AP AR R R R 2 Al R Y R (s e AR TR AL R T 2R
ARt Ll A S FR G AR BRAR A 14 2 ] A 0 AR AR A 4352 2%, JEHAERE R /N T 400 mm (19T
X, T R E B2 7 H BARORA IR, HSZ B sz R R AR L
AR AR M e B P R K G [ VR R 0 R RUBE AR AR A2 0 i 20 R ) A3 A A
TEAE A ARAE B NPP M R R TR X AR AR A RS 14 43 O TR K TRLEE S A D
7] . 32 Jrg A 53 MRS 22 ) S S P PO o 24 oty BAL e = i 2 DR ok e v A g L[R2 e LAY, A B 7
AR IR A BN A A R 25 1A O S L s R 2R AL SR

AR LU 7R B v FE R IR E T 8 T RT3l b A Ll sty | R PR 7 D RE X T B B IRt UK B8 TR B
ARSI ST AT B A AR . F RS 3 LR R R 4 B e A b A i R R R I S
212020 AR RRET , ELAS TR AL 22250 22 DU RSO IR 207 06 TR 3% L AR B B v
IR S 55 I SRR 7 SR R IF TR WLARGE o Db, AR 3 ORI PRI S A 75 18] 2 i e s
GORE, B 7RI i FEAR BRI A 0 2E R, I 1) 2 e ISR 2 LA SRy, 46 718 M A PR3 X b 23 114
SRS , AR L 7R B i FEAR ARV M b 2R g SR IR

http ; //www.ecologica.cn



134 JERRZL 2 AR LR B FERE ARV e i BH S MR U N 1 R RS 225

1 #MRERFE

11 BRI

WFFEIXAL T8 12 L v 2R B Y I 3240 14 - 8 1L 3l
X, Hb A B A 4 i 37°22"13.4"—38°25752.9", 2 Ji
102°15'42.9"—103°14'48.5", % X )& & € ¢ T 5%
A 1X. R A2 R it 7 A= Mg A o DA LLAAR P9 582, A< Mg )
KAV FE R 2E R, M AP AR AU, IR TR
2400—4146 m Z ], AFF3TR 1.5°C, AR SRR 2 H1 EWEERERE S
400 mm. FEARKETM B A F B IR AR A T 2 Figl Overview of plant samples sites distribution in Qilian
#2 Picea crassifolia ARFE B Sabina chinensis | Jai A 75 Mountains
HHS Larix gmelinii | 114 Populus davidiana 2 OHARH
4= @2M§ Potentilla Sfruticosa SR FEMF Potentilla glabra | VAT L Caragana jubata B R Daphne tangutica
8o WAHYI LIZRL RAR BER JEERERHEY R £
1.2 KA i S i A

2013 4 7 H—8 HAEAR LA AR B B4R % - I8 L1 — i Ve P S R AR VR 2R B BB A (181 1),
ARG IEIRBOE b b R 3 B B DRI S R AT 3 1 20 mx20 m R ARKRAETr o FRARKETT N
WX LA 3 15 mx5 m FEARRE T FBEHLATE 5 A 1 mx1 m ATy HAGIHFET NI ARBE R
g W e, 2R AR E R S AR R 2 R, AT 65
A HEARKEDT 195 4> BEAKETS 325 1,

K GPS AR 2 4 184k, 2T Climatic Research Unit (CRU) , RIS [ Z A& F] V. K S AT
FEHT 1901—2012 4F H SE X 3% 0.5°%x0.5° M R BG4 (http://www. geodata.cn) Fl DEM £04& (http://
www.gscloud.cn/) , & B Arcgis10.2 #f4 Spatial analyst T.E. T Extraction JJHE, = % #2845 JF 3RS K IR
JE W A 1 A

1.3 Hnibr
(1) EZE
VE R BRI LE RS P AP H b , B RN A R A BE IS R T R B AR T .
TRATE BE = (KX + MRS E + MR R ) / 3 (1)
TEA)Z R B A2 HE B = (R S B A R ) /2 (2)
(2) BEE S HT

K F AL 38 78 #1401 ( Two-way indicator species analysis, TWINSPAN ) X &7 L AE 8% B v 47 BE NS AU K1)
G, HEHE0.2.5.,10.,20 38 5 A5 Z OKF BIBR I IR BUN T 2 iR, 43 28R WINTWIN 2.3,
DCA ( Detrend Correspondence Analysis) & CCA ( Canonical Correspondence Analysis) HEFF 4387 % FH [ PRy i 4=
B2EAF Canoco 5, HEF 3T I 0T < S Wyl a0 (B4 7 Ba 2R AT B S50 B 23T, AR DCA HE b 14
B R FERE PRI B HEY O . — MR BE R B < 3 I, FR TR PR HE T s B EE B> 4 B, BRI
FAIERRIHERR s B A T 3 4 Z (8] I RMBIRUARIE & o HRPRTSR BTSSR BT B 5L R 7 1#£4T RDA i
e, A IR T R AR SR R 7> 20, R BTG A PR DN A 22 B A WAL TTBRAR T DL 25

2 #R

2.1 FHBEHEE YRR AR
AN A I SRR PRI 181 Bl SRR 40 Bl 124 J& BB AR S S A ECEE B4 5 R 2 R 30 A4

http ; //www.ecologica.cn



226 JAE = 40 4

B, d7 16.57% 35308 17 A, b7 9.44% ;s RAFE 13 NFP, 7 7.22% SR 11T AF0, 5 6.11%, BEF 10 HF,
17 5.56% . HEFN 82 >, i BB AW 66.13% , FHPLHEVEIZ IR AR)Z ERZRRARZ AR, TR 8 Fi,
AR 25 Ffr AR 148 B, ARHEFR 1 BEVE AN IRZ A EEEHE T AR, TR AR Z LR T =42 ABE R 2L
HE VEEAS Ik e, ERZRHERIA S EE M LA RErt/NEE S ILSERAS DB, AR SR H A
B BRZFE RACOR R HEE (R 1),
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Table 1 Quantitative characteristics of dominant species of alpine vegetation communities in Qilian Mountains

B4 &4 i, AT Y G
Family Genus Species Life form Important value
/NS Py A HG K2 Picea crassifolia FrAR 718.5
AR B F1 FRIERIH Sabina chinensis EiN 159.07
HEA RS HEARJE ZIHE Betula albosinensis AR 60.2
/NS TEA R PEMAS Larix gmelinii Fi/ 44.87
MR & 114 Populus davidiana AR 43.84
HEAR} ¥ NE F1HE Betula platyphylla PIN 42.44
ZHF AR A Zanthoxylum bungeanum TeA 15.49
FARE FAJE AR Pinus tabuliformis FrA 4.25
Rt ZBR)R & FMF Potenilla fruticosa HIFN 131.94
Btiet HiJE LB Salix oritrepha A 114.59
INBER} INEEJR REF/NBE Berberis vernae AR 113.01
Figs 5 L4 Spiraea alpina WA 109.79
(iR VR VI Hippophae rhamnoides AR 105.05
R Z KR FRFEMF Potentilla glabra A 69.93
(=X HAXG LR WHIHNY L Caragana jubata HEAR 43.7
Hi ARk 5 IR JE T R5EGF Daphne tangutica TEA 42.53
R EEER INM- & FZ MG Potentilla parvifolia HIFN 42.34
RS TER FEHS IR ST FEHS Rhododendron anthopogonoides HIZN 38.17
R I LI AE % 4% Rosa moyesii HEAR 26.69
TR B )LJE Bet5R38 )L Caragana stenophylla HIZN 26.02
RS TER FRYJE T B FH S Rhododendron thymifolium A 21.96
RS TER FEHS IR 3L AEHEBY Rhododendron capitaium HIZ/N 21.69
MRS AR} FEHY FFGFERY Rhododendron qinghaiense NN 20.25
R 7@ ZIAEMI T Cotoneaster rubens HIZN 17.65
FHouEt HE A Rosa spinosissima HEA 16.94
Rt i+ & HIRMIT Cotoneaster melanocarpus A 12.79
FHouEt TR 2 BT Rubus irritans HIZN 11.62
iyt [ E) XM Sabina vulgaris N 10.82
RS AERE SR & IR Arctous alpinus A 9.76
Rt il PEdtHIF Cotoneaster zabelii A 8.55
JRHFA KT IR KIRZHE T Ribes stenocarpum HIZN 8.28
AR BA)E 24 Lonicera japonica A 8.26
JNBER] INEESE AR Berberis amurensis AR 5.36
WER} L HIN 2R Carex kansuensis ZARERIR 660.09
E v By R Polygonum viviparum PR PN 434.90
RAR RAKE HBR Poa annua —AEA R 218.06
EER JERARL R JEWAE Thalictrum aquilegiifolium var. sibiricum ZAFE R 112.62
S5} s H 358 Artemisia tangutica SAEIE B 104.90
IR BREERE 22 BRI L Bulbostylis densa —AEE R 104.21
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4 J& 44 A T T
Family Genus Species Life form Important value
EEFR 538 =153k Aconitum sinomontanum AN VN 103.04
AR TR HRI7HEF Fragaria orientalis BRI R 99.02
oyt KGR KYEFE Leontopodium leontopodioides ZARERIAR 94.23
RATL Pk g TP Elymus nutans PR VN 88.60
BHEE HRIELLIR INAEEE T M Anemone rivularis EAwN 82.67
B 22 - B TG Pedicularis muscicola ZAFEERA 80.72
Eopas SR WYEZE Iveris polycephala LA A 78.47
HER} HKJE 3 Viola verecunda ZAFEERA 73.89
oyt NEHE B3 Saussurea japonica AR BR 73.01
HRE BIKIEIR & IKAE Pilea notata S RA 65.88
HER B, WAL HESE Viola biflora AR B 60.63
PIEE A JE SR Heracleum millefolium EZ G N 55.28
EER EHEE FRE R Ranunculus tanguticus ZARE R 51.55
Eopas REH e INERES Saussurea parviflora EZ G N 51.17
R R HAEBE. Oxytropis ochrocephala ZARE R 50.60
S B R S B g A Commelina diffusa — AR 48.33
KA e #+3F Stipa capillata LAE B 45.59
RAR} HHRR W ThEE Achnatherum inebrians Keng EZ LR N 45.08
Bk RER S22 E Ligularia sagitta PA N VN 41.75

PIFPE (B AR 65 R HEN, AR T AR AR KRR E A HET B HT 25 AFl

2.2 FHBEREK R

K FH TWINSPAN 25 =2 UK AR 43 S5 8 MCHRBEVE A= B RAE A P8 /s P RO S i 44 BE NS A e 445
F S IEREAE YIRS T DHEA (L 2) .
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g T H
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52.62 .63 .64 .65, tEAFIA L E LA R EEME BRI 4 AR A RORZRBE - PE UM R R B A LD
M EE A AR IR RLAOR m sk SR EEE OO O S U MERES bk R
FEFEEMG JEANE BUEHSE FR B EE el G S S R 2662 m, BFEMZE IR
2 ERZIEA RN, EE ARG EMYETE 5 KIS ELRA AR VAT K Ll FHE: MRk AR IX

HEON UL AR B A - /55 LU S5 2R 4 - 2R 2 38 4B AR U7 1415 .16 .17 20,21 .24 25 .26 32,33 .34 40,46 .47
48 .49 50 53, FEAERA H G o AZ (INAEMD SRR AREE M ALt NEE R R R A N A R AR T E
e BREERERT Il Eesy BB T SR B R ARy A S B AR D SUEEESE e E (A
R B8 ANMEE BN AN CHONERE R NKE IR 2917 m, BEAZ R TR Z EARJZ FIEA S
M, FED TS REIUEN B FER KGR G JE AR B ARE H )RS Kb,

FE TV I 528250 -2k 2F 3+ 3E , (U AE 7 35.36.,43 .44 45 58 .59 .60 .61, fEA G Y &7 809 )L 1
AW EEFERS T LA ARG SKAEARS KORE R R FLEOR BB B RS R AR SR
B 2R TR Mk 3332 m, BENZE A R Z R A Z AR, FE A W B 08 A5E
b USRI IITRY b by N Y 2 B S o R o R 2

FEOAV VDl H i e+ BRI A AR TT 3.5.6.7 .8 11 12, fFEAE M 22 Bk 2 #5328 155 |
FLBR BEE H & R O NOKRE 35 BENZE B R Z MR AR R R, K 2703 m, FE
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Fig.2 Dendrogram with the Two-way indicator species analysis for the plant communities in Qilian mountain

N( Number ) f{ & FE 7 %0, Number of samples; Eig 18 R4FF{H Eigenvalue,

2.3 FHBEREE B HE T
65 MFEJT-H BEA) DCA s3Hr s R0 4 AHEF A AR (E 4371 4 0.53.0.28 .0.20 ,0.16 , I AT~ HE
AR RRAE (R K, SR 0 AR A R S, BT AR FH AT 2 A HE e il i Bt o e i HER R (L 3)
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Fig.3 DCA two-dimensional ordination diagram for samples of plant community in Qilian mountain

DCA , B[V #4556t B 43 #r ,Detrend Correspondence Analysis ; SI—S65 CFERE YRS, S1—S65 represents sample number
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TWINSPAN 7325 AEAIFE DCA HEFF B _E A RAE A, S TR MR R . BEA 14K 2532 m R
IV 4K 3332 m W5 DCA 55 Al i N AE_ LR oA, e e TR AR BE AR Ak BEPA V T VI 28 U3 A ZEHE T B
v b AL EEAA VID VDK + PU AU TE Z2 0 S sl o A 2 HE 7 R 22 LA AR B XU V) T V) B Ay

A3 1Ly v FE ML B BT W P B BB D7 AE R 19 DCA HEJT BT A8 il 0 B0 B K B I KOh 4.6, I 6 L G A5 76
(CCA) ., PRI KL (Monte Carlo) 55 R, AT BB HE P i@ o e iR g (F = 1.8, P = 0.002) , BAHA BT
PEIRIE PR T X AR 1L s FEAR B R A ) o0 A HAA 552, CCA HEF AT 4 Sl AR AN [R] 0 30858 IR 70 i AR
A, AR PR S R 5 HE P il AR DG RN WK K 3 BE S ) 28— Bl SR IEAH G OC R (P < 0.05) , AHGPER
IINHERF i > R K S Y 1), 22 B — il 3 28 S B AR B AR AL, BROK IR BEE S5 TR IEAH G OC R
(P < 0.05) , FHICMHER/INHEF M BEoK S TRAR > I8, 2R B EE — 3l =22 i MRk R ARk (% 2) . ATmk i
SRR DK (Monte Carlo) K45 53R B MR 3R A1 7 L 2y FERE B HE VA A 0 o3 A 1 e J B8 R, Lk
SEREK R BE em) R (K 3) .

x2 MEUSEEFHZVHTRN CCAHRE
Table 2 The CCA analysis of the species variance of alpine communities in Qilian Mountain

HeJwth ERR ] 5 o=t AL
Axis Axis [ Axis I Axis I Axis IV

55 K F Environmental variables

Wi Aspect 0.27" 0.13 0.55"" 0.02
Y Slope 0.43"" 0.28" 0.50"" 0.47""
Wk Altitude 0.89 " 036" 0.22 0.14
[#7K Precipitation 0.48"" 0.85°" 0.10 0.03
HJE Temperature 0.19 0.06 0.18 095"
FEIEMH Eigenvalues 0.28 0.15 0.11 0.08
Yy -ERBE A I Species-environment correlations 0.87 0.85 0.70 0.73

YIRS Rt T oy b 22

. . . . 5.48 8.35 10.43 12.02
Cumulative percentage variance of species
Wb =205 91 O6 R B Rt 43 b7 22
Cumulative percentage variance relation between species 41.83 63.71 79.61 91.78
and environment factors
HLS oK o ‘TU i
Je A S A 4 A D Fols P=0.002

Test of significance of all canonical axes

#% P<0.01; * P<0.05;CCA, B8 %F 8 4387 Canonical correspondence analysis

£3 NEETHEERHFMEZUERRER

Table 3 Rank of importance and significance test of environmental factors

g f HEMEH T B PR T o 0 A A P P
Environmental factor Importance rank Variance explains of environmental factors

MR Altitude 1 4.4 2.9 0.002
[#7K Precipitation 2 3.7 2.5 0.002
R Temperature 3 1.8 1.2 0.242
i1 Aspect 4 1.7 1.2 0.192
Wi Slope 5 1.6 1.1 0.316

FEDT-PRBEIA T CCA P B2 BL T R FE RV R A SR 0 A3 5 TR M I 1 B G (161 5) , CCA
HEP 2 — M RIS S NZEFE AT IR OZ W T i o A A QSRR B2, DR 1 e W 8 i
TN LTI 2o A2 - R/ NS T R B2 5 0 A1 5 K REE Bl B OC R BN BT, BEAA TIL A3 (B4 -7 1L 55
LB - TR ZF S MR B AR . TN IV o LN 24 - 2R 25 2+ T A BTk ooy A 1 241
AEFR-HOR B R A X R R o DA V VD H 3 8+ U I R S A VI DR+ 22 38+ 9 42 2
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G AR AR AT TR VA 2 b TR R, A2 W R
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3 L) A% B e R RE VA A0 181 AR S 40 F SL,;Sg%i‘%éés

124 Ji L BOH4 408 84 B 399 I 1 044 F, 0 Fh s

B BEREAR B, WIS DA W A SR B R R .

ER I N T E T ND SR 2y &k S ERCE 5

SR B 763040 B 0 1L M0 A KRR i DA, 7 10

A B HH A E AR LIMER M | 1025 M0 B B otk -08 5t A 1 08
Wb, TR A R R A A K B0, T HAREE_ ol ol

KSR B AR 2 2 AT A 2% 1 B0 11 B B A BA @ BAV M BAU e BAV

B VEARAN A 1L AR B AR ) SRR, A L
o LR VEA AT, A 25 B, (S AEI RN S 13.81% .,
e b kRS AERAE Y O e B FERE AN . BEAN IV A, BI04 3 4097, Canonical Correspondence Analysis; S1—S65
ISR + R LR SR T SEPE M E N, 32 AUERPERSE S, S1—S65 represents sample number
B ATAE L 3 M A A M A AR SR A R B4
R A2 U0 303 o AR A ol 0 AR L R LA M ) FE TR N Ao s R W TP A
Wy B VR PR P A SR S I ML — T 22 WA S A S A BB K A L AR AR B £ B
PRTIEAR T AR R B B Y b S AR ) 22 R T B I AR SR AR e B WA B
AR 1400 —1500 m"™ K ILAESE A RIMZ TR SO AR 6 RIS Fh 3 B 1 I 2RV R 4R 1 T3
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Fig.4 CCA two-dimensional ordination diagram for samples and
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